There are estimated to be approximately 1500 people in the United Kingdom with C1 inhibitor (C1INH) deficiency. At BartsHealth National Health Service (NHS) Trust we manage 133 patients with this condition and we believe that this represents one of the largest cohorts in the United Kingdom. C1INH deficiency may be hereditary or acquired. It is characterized by unpredictable episodic swellings, which may affect any part of the body, but are potentially fatal if they involve the larynx and cause significant morbidity if they involve the viscera. The last few years have seen a revolution in the treatment options that are available for C1 inhibitor deficiency. However, this occurs at a time when there are increased spending restraints in the NHS and the commissioning structure is being overhauled. Integrated care pathways (ICP) are a tool for disseminating best practice, for facilitating clinical audit, enabling multi-disciplinary working and for reducing health-care costs. Here we present an ICP for managing C1 inhibitor deficiency.
Introduction
C1 inhibitor (C1INH) deficiency may be inherited [hereditary angioedema (HAE)] or acquired [acquired angioedema (AAE) with C1INH deficiency]. With an estimated prevalence of 1:50 000 for HAE and 1:500 000 for AAE with C1INH deficiency, these conditions are rare and, as a result, most non-specialist physicians are unfamiliar with them [1] [2] [3] . Hence, in the United Kingdom, long-term management is usually conducted in a tertiary centre by a clinical immunologist, dermatologist or allergist. In some cases, because patients may be required to travel long distances to tertiary centres, care may be shared with more local specialists who have an interest in the condition, such as gastroenterologists or general physicians. At BartsHealth NHS trust we oversee the regular management of 124 patients with HAE and nine patients with AAE with C1INH deficiencywe believe this to be the largest cohort in the United Kingdom, which may be skewed to include some of the most severely affected patients (see Fig. 1 ).
HAE and AAE with C1INH deficiency are chronic conditions characterized by an unpredictable tendency to develop swellings within the deeper layers of the skin or the mucus membranes [3, 4] . These swellings may cause airway obstruction if they occur in the upper airway and severe, intractable pain associated with significant fluid shifts and hypotension if they occur in the abdominal viscera. Hence, an acute episode of angioedema can require the patient to attend emergency medical services, and in some cases a hospital, or even intensive care unit (ITU) admission, is necessary. Laryngeal attacks, although relatively infrequent, are associated with a lifetime mortality of up to 40% [5] . More than 50% of HAE patients will have a laryngeal attack at some point in their lives, and all are at risk, irrespective of their baseline disease activity. Perhaps more disabling, albeit less visible to the health-care system, are the untreated attacks which interrupt education, cause under-and unemployment, and disrupt family life. In recent years new treatment options have become available for C1INH deficiency, which are based on an improved understanding of the pathophysiology of the condition and robust evidence of efficacy from licensing studies and clinical trials [6] [7] [8] [9] .
Pathophysiology of C1INH deficiency
The C1INH protein is a serine-protease inhibitor that binds irreversibly to inactivate the proteases factor XIIa and kallikrein, negatively regulating the contact system [10] .
Therefore, partial deficiency of C1INH, such as occurs in HAE and AAE with C1INH deficiency, shifts the equilibrium of the contact system towards activation and hence results in the accumulation of the active metabolite, bradykinin. Bradykinin is produced from high molecular weight kininogen in a process that is catalyzed by kallikrein. It engages with specific bradykinin receptors in the vascular endothelium to cause vasoldilation, endothelial leakage and consequently the swelling that defines the disease [11, 12] . C1INH also regulates the complement and fibrinolysis pathways, and it has been proposed that coagulation and fibrinolysis are also involved in the pathophysiology of HAE [13] . Moreover, C1INH deficiency is associated with pleiotrophic effects that may impact further upon morbidity, including an enhanced production of autoantibodies, thought to result from increased activation of B cells, which may provide the biological explanation for the reported association of the condition with systemic lupus erythematosus (SLE) [14, 15] .
In the case of HAE, the protein insufficiency is usually caused by autosomal dominantly inherited mutations within the C1INH gene that cause a quantitive (type 1 HAE) or functional (type 2 HAE) deficiency, and the onset of the disease occurs typically in childhood [6, 16] . However, the lack of a family history does not preclude a diagnosis, as an estimated 25% of cases arise from de-novo mutations and the penetrance of the disease is not 100%. Type III HAE is a term to describe patients who show an autosomal dominantly inherited form of angioedema that is not caused by C1INH deficiency, therefore this condition is also referred to as HAE with normal C1INH. A subset of these patients has been found to have mutations in the factor XII gene [17, 18] . In the case of AAE with C1INH deficiency, the onset of the disease is in adulthood and C1INH deficiency is caused by increased catabolism of the protein and/or inhibitory autoantibodies, usually in association with another disease process such as a lymphoproliferative disorder or connective tissue disease. However, the onset of the angioedema in AAE with C1INH deficiency may precede other clinical evidence of the underlying disease [3, 19] .
Living with C1INH deficiency
Without prophylaxis, patients average one to two attacks of angioedema per month. Untreated, these last for 48-96 h, but there is considerable variability between patients with regard to the frequency and severity of the attacks [6, 20, 21] . Between episodes of angioedema patients are generally well. Although attacks can be triggered by surgery, trauma, menstruation, pregnancy, infection, stress, anxiety and certain medications (for example, angiotensin-converting enzyme inhibitors), in many cases the precipitant cannot be identified [8, 22] . Abdominal attacks are reported to be the most distressing aspect of the disease [23] . Moreover, the fear of laryngeal attacks which, although infrequent, may occur at any age, adds to the burden of illness. While they may appear less serious, swellings of the hands or feet may prevent patients from being able to do their jobs and in one study even patients on prophylactic treatment with danazol were having an average of 7·7 attacks per year, with their most recent attack causing them to miss an average of 3·3 days of work [24] . These issues are compounded by the fact that HAE is an inherited disorder, and so multiple family members may be affected. Studies that have aimed to evaluate the sociological impact of the disease have found that patients with HAE have significantly higher levels of depression, significantly poorer quality of life and decreased work productivity [22] .
Treatment of C1INH deficiency
Treatment of C1INH deficiency is based on the management of an established swelling ('acute treatment'), prevention and attenuation of baseline attacks ('long-term prophylaxis') and prevention of attacks at times of increased risk (for example, prior to surgery -'short-term prophylaxis'). Advances in our understanding of the pathophysiology of angioedema have driven the development of new treatments for the condition, including a bradykinin receptor antagonist and a kallikrein inhibitor, and advances in molecular genetic technologies have facilitated the development of recombinant C1INH from the milk of transgenic rabbits [7, 8] . Currently, treatments approved in the United Kingdom for the treatment of acute attacks of HAE include plasma-derived nano-filtered C1INH (Berinert, Cetor and Cirryze), recombinant C1INH (Ruconest/Rhucin) and the bradykinin receptor antagonist (Firazyr/Icatibant). Attenuated androgens and tranexamic acid are used for long-term prophylaxis, but in the United Kingdom these drugs are prescribed off-licence. Cinryze is licensed for both long-and short-term prophylaxis. The kallikrein inhibitor (Ecallantide) does not yet have a licence in the United Kingdom [see section 6 in the evidence base (Supporting information)].
The unfamiliarity of non-specialist medical staff with C1INH deficiency, coupled with the existence of wellorganized, motivated patient groups and the rapid development of new therapies, has driven the establishment of a raft of consensus documents for the treatment and management of C1INH deficiency. UK consensus documents, first published in 2005 are currently undergoing revision, and the international consensus documents, first published in 2003, are currently on their third draft [25] [26] [27] . Consensus documents have been published for the gynaecological and obstetric management of female patients with HAE, home therapy in C1 inhibitor deficiency and for children [28] [29] [30] [31] . Whereas previously such documents were based primarily on expert opinion, increasingly there is robust evidence generated from licensing studies and clinical trials to support them; the international consensus documents have been supplemented recently to include evidence-based recommendations, and the World Allergy Organization (WAO) has just published an evidence-based guideline [9, 32, 33] . This process is likely to continue as the results of ongoing clinical trials are published. However, in a recent study that surveyed international members of the WAO with responsibility for the management of patients with HAE, more than one-third of physicians described themselves as 'unfamiliar' with emerging HAE therapies [34] .
Furthermore, it was reported that many international physicians neither follow current evidence-based studies nor adhere to the 2010 International Consensus Algorithm for treating HAE [34] .
Are patients in the United Kingdom being treated according to consensus?
There is evidence that when treatment for HAE is given early the relief from attacks is faster and the attack less severe, potentially enabling a more rapid return to work and other role activities [20, [35] [36] [37] . Patients report that when they attend emergency facilities for acute treatment medical staff may be unfamiliar with their condition, and they report anecdotally long periods of delay before appropriate treatment is given, even when they present documentation detailing their condition and its treatment. This finding supports the observation that in a survey of 35 Accident and Emergency (A&E) departments across the United Kingdom, only 17 had protocol guidance regarding the use of C1INH, despite the majority having access to the drug [38] . In addition, patients report increased confidence in managing their condition when they have access to a home therapy [39] . As a result of these factors, many patients and their physicians advocate home therapy whereby patients are taught to treat themselves at home early during an attack, and this approach is supported in both the current UK national and international consensus documents [26, 27, 29] . It is currently very difficult to determine what proportion of patients with C1INH deficiency living in the United Kingdom have access to home therapy, but patient support organizations report that some patients have difficulty obtaining these treatments. The results of a freedom of information request on behalf of the patient group HAE-UK made in 2012 are shown in Table 1 . This request also revealed that, of 32 individual funding requests made to Primary Care Trusts (PCTs) for icatibant funding, five were refused [39] . These findings suggest that the care patients receive depends upon where they happen to live. Within our cohort, the majority of our patients choose to manage acute exacerbations at home (see Fig. 1 ). 
Integrated care pathway for C1IH deficiency
The number of people in the United Kingdom with C1INH deficiency is not known precisely, but based on an estimated prevalence of 1:50 000 for HAE and 1:500 000 for AAE with C1INH deficiency there are likely to be approximately 1500, including a substantial minority undiagnosed or not under specialist care. HAE is included within the Specialized Services National Definition Set, and from April 2013 it will be commissioned nationally [40] . Ultimately, this will result in a single commissioning policy for HAE across the country, and hence should end the 'postcode lottery' and mean that all patients receive the same standard of care. However, at the same time the NHS is expected to make increasing cost savings, and it is incumbent upon us as physicians to demonstrate, wherever possible, that the best treatment is cost-effective [41] . Because the medical management of patients with C1INH deficiency is likely to be shared across several care providers, including the specialist HAE centre (tertiary care), emergency care providers (secondary care) and the general practitioner (primary care), and may be delivered by a range of different health-care professionals, calculating the cost of treatment is complex. Nevertheless, the cost of not treating adequately, in terms of days of productive work missed by the patient, potentially avoidable presentations to emergency services or loss of educational or career opportunity, is not currently well captured and hence the humanistic and economic burden of HAE in Europe is likely to be underestimated [42] . Integrated care pathways (ICP) are a mechanism for mapping how an individual patient interacts with health professionals within primary, secondary and tertiary care over time. The ICP constitutes a document that forms part of the clinical record, capturing all the care given, and hence provides a mechanism for quantitating the associated treatment costs. As they are constructed ideally based on the best available evidence of good practice, they also function as a tool to facilitate the introduction of best practice into routine practice and to enable systematic audit to demonstrate that the standards are being met [43] . ICPs are designed to focus on the needs of individuals and families, ensuring that the care they receive is cohesive and offered in a setting most appropriate to the patient, and they were referenced in the recent Departmental of Health review 'Innovations, Health and Wealth' as having a role in improving patient and population health [44] .
In our trust we oversee the management of 133 patients with C1INH deficiency (see Fig. 1 ). We are recognized by patient groups and by colleagues as a centre of excellence for the management of HAE. Our integrated care pathway sets out our process for providing cost-effective, evidencebased care within the context and constraints of the UK National Health Service. We hope that by making our local auditable care standard widely available we will stimulate debate and ultimately inform a new UK consensus standard.
Construction of an integrated care pathway for C1INH deficiency

Method
Late in 2011 a multi-agency steering group consisting of clinicians, representatives of patients organizations, specialist nurses, representatives of trust finance, commissioners and pharmacists held a series of meetings to define the pathway delineating our understanding of the patient journey (see Fig. 2 ). In order to evaluate the evidence base for the interventions defined by each stage of the pathway, a PubMed literature review was conducted using the terms [(HAE or synonym) and (consensus or guideline)]. Key practice points were identified within the consensus documents and used to define treatment goals for each stage of the pathway. 
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Primary clinical trial data were identified from references within the consensus documents and by a further literature search using the search strategy [(HAE or synonym) limited to human trials]. The evidence cited in support of the treatment goals was reviewed independently by four appraisers (H.J.L., M.B., S.G. and A.L.M.) and graded according to the Scottish Intercollegiate Guideline Network grading system [45] . Where there were discrepancies between grades awarded, these were debated, and if consensus was not reached the majority opinion was recorded. AAE with C1INH deficiency, type II and type III HAE are much less common than type I HAE, and so most of the available evidence pertains to type I HAE. However, mechanistically, it would be predicted that type II HAE, AAE with C1INH deficiency and perhaps type III HAE would respond to treatment similarly, and there is evidence from smaller studies to support this [17, 39, [46] [47] [48] [49] [50] [51] . Therefore, these conditions are included in the ICP.
Treatment goals for each stage of the pathway were organized into a data collection form that serves as a template to check that each is achieved in the relevant encounter. These are available for download in the Supporting information.
Structure of the ICP for C1INH deficiency
Entry into the pathway is when C1INH deficiency is diagnosed and the patient is referred to a tertiary centre with specialist knowledge of the condition (see Fig. 2 ). Each stage of the patient journey is associated with a data collection form (steps 1-6, see Supporting information) which all contain a free text-box labelled 'patient story' that enables any issues that the patient wishes to raise that are not recorded on the standard proforma to be documented.
The primary aims of the first appointment, which at our centre is conducted over 1 h, is to confirm the diagnosis of HAE/C1 inhibitor deficiency and to establish the nature of the attacks and their social impact on the patient, in order to establish an individual treatment plan and to provide patient education. The treatment goals for this consultation are captured in the data collection form step 1 (see Supporting information, step 1).
The step 2 data collection form (see Supporting information, step 2) is designed to capture each acute attack and its treatment. It focuses on the evaluation of symptoms, time of onset, the setting for treatment, the treatment(s) given and time to resolution. If the episode results in an emergency care presentation, the form could be completed by the attending health professionals or the patient. If the attack is managed at home, the patient would complete the form themselves.
Step 3 (see Supporting information, step 3) is used to capture a telephone review, usually by the specialist nurse or a physician, that is initiated by the patient if they have a significant attack requiring treatment, have an increased frequency of attacks, are experiencing problems with their treatment or anticipate a need for a change in their treatment (for example, if they require elective surgery). The aim is to establish whether current management is optimal, whether there are any precipitating factors and whether the patient requires early review at the specialist centre (step 4, see Supporting information).
The early review (step 4) is triggered by a serious, inadequately managed or cluster of attacks following telephone review (step 3) or automatically within the first 2 months of the first meeting at the tertiary centre (see Supporting information, step 4). The aim of this meeting is to review the patients understanding of their treatment, to decide whether any further training or information is required and whether any changes to the prophylactic or emergency treatment plan are necessary.
The routine review (see Supporting information, step 5) is a standard follow-up appointment at the specialist centre that at our trust is scheduled on a 6-12-monthly basis. The aim of this review is to ensure that the patient has good control of their disease, a robust mechanism is in place for emergency treatment and that they are not experiencing unacceptable side effects of medication. In addition, the investigations required to monitor treatment side effects are requested and arrangements will be made for the patient to undergo refresher training if they are on home therapy. If disease control is felt to be inadequate then changes to the prophylactic or emergency treatment may be made and an early follow-up appointment (step 4) recommended.
Exit from the pathway (step 6) occurs if, for example, the diagnosis of C1INH deficiency is excluded or the patient transfers to another centre (see Supporting information, step 6).
Discussion
Integrated care pathways (ICP) are a tool for disseminating best practice, for facilitating clinical audit, enabling multidisciplinary working and for reducing costs [43] . They have been identified by the NHS Future Forum and the Department of Health as a mechanism to drive improvement in the new NHS landscape [52] . Here we have presented our vision for an ICP for C1INH deficiency based on the available consensus documents, evidence from clinical trials and our experience of managing one of the largest cohorts of patients with this condition in the United Kingdom. We intend to use the data collection forms to audit our own practice, and to begin to capture the social and treatment costs involved for the patients in our cohort, in order to drive improvement. Other immune-mediated diseases could also be approached in this way in order to facilitate best practice across the range of diverse conditions that may be seen in the immunology clinic [53] [54] [55] [56] . We view this document as a starting-point, and expect the ICP to continue to evolve as it is used more widely and in accordance with new evidence, new drugs being licensed, new guidelines and the feedback we receive.
